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Taste Hedonics Influence the Disposition of Fat by
Modulating Gastric Emptying in Rats
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Abstract

We investigated how preferred and nonpreferred tastes influence the disposition of fat. Adult male Sprague Dawley rats
were infused with 5 ml of 20% intralipid through an intragastric catheter and with 0.3 ml of a taste solution through an
intraoral catheter. At 120 min postinfusion, plasma concentrations of fat fuels (triglycerides and non-esterified fatty acids)
were either unchanged or slightly higher after rats tasted a preferred sweet taste solution (0.125% saccharin +3% glucose)
than after they tasted water. They were markedly lower after rats tasted a non-preferred solution—-either a bitter solution
(0.15% quinine hydrochloride) or a sweet solution that had previously been the conditioned stimulus for lithium-induced
taste aversion. The distribution of '*C-triolein mixed with the gastric load was determined at 4 h postinfusion. Rats that
received a non-preferred bitter taste had significantly more *C remaining in the stomach than did those that received a
preferred sweet taste. These results suggest that taste hedonics—either unconditioned or conditioned aversive tastes—

influence fat disposition by altering gastric emptying.
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Introduction

Elevated plasma triglyceride levels have well-established links
with chronic diseases such as obesity, insulin resistance and
cardiovascular disease [1,2]. There is growing interest in the
function of triglycerides during the postprandial state [3-6] in
large part because postprandial hypertriglycemia is a risk factor for
cardiovascular disease [3,4]. One mechanism involves elevated
triglycerides after a meal recruiting monocytes and inflammatory
signaling molecules that eventually lead to atherosclerosis [5,6].
However, there is need for a comprehensive understanding of
what regulates postprandial fat disposition.

Oral sensation, especially taste perception, plays a primary role
in food selection [7-12] but also guides the disposition of ingested
nutrients. Sweet taste and other orosensations elicit gastric
emptying [13], digestive enzyme secretion [14], and insulin
release [15-17]. These physiological responses, which are com-
monly referred to as cephalic phase responses [18,19], prepare the
gut and other organs for the approaching absorption and
distribution of nutrients.

Several lines of evidence suggest that orosensation modifies fat
disposition. Oral fat stimuli increase plasma triglyceride concen-
trations in both animal and human studies: In rats, oral exposure
to corn oil or sweet taste leads to a more prolonged elevation of
plasma triglycerides relative to oral water or no taste exposure
[20]. In humans, oral fat elicits a rise of plasma triglycerides at two
different time points; a small spike at ~1 h after fat loading that is
derived from intracellular lipids in enterocytes, followed at ~4 h
by a prolonged elevation of triglycerides [21,22]. Tasting and
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expectorating is sufficient to augment the rise in postprandial
triglycerides by influencing both the production of chylomicrons
and the metabolism of very low density lipoproteins [23].

The basic findings that oral stimuli influence fat trafficking have
been replicated and extended [24-26], but there has been little
attention to whether the chemical or hedonic properties of taste
are responsible. Preference (i.e., liking) is an important aspect of
taste as well as quality (i.e., sweet, bitter, salty, fatty, etc.). The
purpose of the present study was to examine how preferred and
nonpreferred tastes influence the disposition of fat. To this end, we
infused fat directly into the stomach of rats with implanted
intragastric and intraoral catheters. Orosensation was manipulated
by infusing preferred or non-preferred taste compounds into the
oral cavity. The disposition of infused fat was observed by
evaluating blood triglyceride and fatty acid concentrations, and
the distribution of radioactive '*C-fat mixed with the gastric load.

Materials and Methods

Animals & Maintenance

Male Sprague-Dawley rats (weighing 351-375 g; Charles River
Laboratories, Raleigh, NC) were housed individually in stainless
steel cages at 22°C on a 12:12-h light-dark cycle (lights on at
06:00). The rats had free access to AIN-76A diet and deionized
water, unless otherwise mentioned. The experiment protocol was
approved by the Monell Chemical Senses Center Institutional
Animal Care and Use Committee [protocol no. 1149].
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Materials

As taste stimuli, we used a “sweet solution” consisting of a
mixture of 0.125% saccharin and 3% glucose (both Sigma-
Aldrich, St Louis, MO) or a “bitter solution” consisting of 0.15%
(0.0038 M) quinine hydrochloride (Sigma-Aldrich). The saccha-
rin-glucose mixture is avidly ingested by rats [12]; the 0.15%
quinine is strongly disliked—tasting it elicits negative hedonic
responses (i.e., gapes and chin rubs) and it is almost completely
avoided in two-bottle preference tests [7]. As an intragastric fat
load, 20% intralipid was purchased from Sigma-Aldrich (Cat. No.
I-141). Radioactive '*C-triolein was purchased from American
Radiolabeled Chemicals Inc (St Louis, MO) and stored at —20°C
until use.

The following enzymatic colorimetric kits or ELISA kits were
used for the assay of blood components; triglycerides, ketones,
glycerol and glucose from Cayman Chemical Co. (Ann Arbor,
MI); non-esterified fatty acid from Wako Diagnostics (Richmond,
VA); insulin from Alpco Diagnostics (Windham, NH); total GIP,
total GLP-1 and leptin from Millipore (Billerica, MA); peptide YY
and cholecystokinin from Phoenix Pharmaceuticals (Belmont,

CA).

Surgery

At least 5 days after arrival, rats were surgically implanted with
an intragastric catheter and an intraoral cannula. The rats were
anesthetized with an intraperitoneal injection of 1 ml/kg of the
following mixture: ketamine (4.28 mg/ml; Ketaset, Fort Dodge
Animal Health, Fort Dodge, IA), xylazine (0.86 mg/ml; AnaSed,
Lloyd Laboratories, Shenandoah, IA),
(0.14 mg/ml; Aceproject, Butler, Bublin, OH). For the intragastric
surgery, a midline incision was made, the stomach was gently
retracted, and a Silastic catheter (0.64-mm ID, 1.19-mm OD) was
mserted ~1 cm through a hole poked with an 18-gauge needle
through the glandular portion of the stomach. The catheter was
fixed to the gastric wall with 2-0 silk suture. The distal end of the
catheter was passed under the skin and exteriorized at the back of
the neck. It was glued to a 1-cm square piece of Marlex mesh that
was mounted under the skin to anchor it, and the exteriorized
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portion was sheathed in Tygon tubing to protect it from being
bitten.

The intraoral cannula consisted of polyethylene-90 tubing
(Warner Instruments, Hamden, CT) with one end flared and fixed
with a small Teflon disc (6-mm diameter, 0.8-mm thickness). The
cannula was inserted into the cheek immediately lateral to the first
molar. The Teflon disk was placed so as to rest against the inside
of the cheek, and the other end of the cannula was exteriorized at
the same position as the gastric catheter and fixed there.

Shortly after surgery, and again on the following day, the rats
were treated with antibiotics (Triple Antibiotic Ointment,
Medique, Fort Myers,FL) to prevent infections and with bupre-
norphine hydrochloride (Buprenex, Reckitt Benckiser Pharma-
ceuticals Inc., Richmond, VA) to alleviate discomfort. The patency
of the intragastric catheter and intraoral cannula was checked
every 2 or 3 days by flushing saline; any rat with a blocked or
broken catheter or cannula was excluded from the experiments.

After at least 7 days to recover from surgery, rats were given
three training sessions (one a day) in order to habituate them to the
test procedures. To do this, two intraoral infusions, one of 0.5 ml
water and one of 0.5 ml sweet solution, were introduced into the
oral cavity in a randomized order, with a 5-min interval between
them. These training sessions were conducted between 09:00 and

12:00 (light period).

Test Procedure

Experiment 1. Before the test, some rats were subjected to
procedures designed to induce a conditioned taste aversion to the
sweet solution (n=10). To do this, 0.5 ml of sweet solution was
infused intraorally and immediately followed by an intraperitoneal
injection of 4 ml/kgsBW of LiCl (20 mg/ml; Sigma-Aldrich) as the
malaise-inducing agent (conditioned group). The same volume of
isotonic saline was injected into rats of the unconditioned group
(n=9). This injection procedure was repeated after 3-days so that
each rat received two taste aversion conditioning trials.

The test was started 3 days later. All rats received two tests: one
with the sweet solution and one with water presented orally as a
control. The order of these tests was randomized (crossover design)
and there was a 1-week interval between them. On each test day,
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Figure 1. Comparison of the effects of sweet taste on blood fat levels between unconditioned rats and rats conditioned to show
aversion to the taste. (A-C) upper panels: unconditioned rats (n =9); (D-F) lower panels: conditioned rats (n=10). Plasma concentrations of (A, D)
triglyceride and (B, E) NEFA were measured after the gastric infusion of 20% intralipid (started at O min; arrow) and the following oral infusion of
0.3 ml of water or sweet solution. (C, F) Intake of sweet solution in 2-bottle choice test at the end of the experiment showed conditioning had
occurred successfully. Values are means * S.E.M. *P<<0.05, **P<<0.01 by paired t-test.

doi:10.1371/journal.pone.0090717.g001
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the rats were deprived of food beginning 1 h before testing began
until the end of the test session. The rats were infused with 5 ml of
20% intralipid through the gastric catheter at a rate of 1 ml/min
using a Sage syringe pump (model 351; Orion Research Inc.,
Cambridge, MA). Immediately after the infusion, the rats were
infused with 0.3 ml water or the sweet solution through the
intraoral cannula. At 15 min before (—15 min) and then at 30,
120 and 240 min after the gastric infusion, blood was collected
from the tip of the tail of awake rats into heparinized capillary
tubes (Fisher Scientific, Pittsburgh, PA). After the ~140 pl sample
was withdrawn, one end of the capillary tube was sealed with
Critoseal (McCormick Scientific, St. Louis, MO). Within no more
than 5 min, the whole blood was centrifuged for 2 min (IEC MB
microhematocrit centrifuge; International Equipment Co., Need-
ham Heights, MA), and plasma collected. The plasma samples
were used for the assays on the same day as they were prepared.

To verify conditioning had occurred successfully, at the end of
the experiment two-bottle choice tests were conducted. To do this,
the rats were first deprived of food and water for 5 h, and then
given two drinking bottles, with one containing water and one
sweet solution for 1 h. Intakes were measured by weighing the
bottles (0.1 g) before and after the presentation. During this test,
the unconditioned rats drank 12.1+2.7 ml sweet solution and
1.920.7 ml water (87% preference); the conditioned group drank
0.2%0.1 ml sweet solution and 2.0=0.8 ml water (9% preference).
Thus, the conditioning procedure was successful (Figure 1C, 1F).

Experiment 2. Exposure to a preferred sweet taste had no
effect on blood fat fuels in Experiment 1 (see Results, below). This
appeared at least superficially discrepant with earlier work, In
particular, using procedures similar to ours, Ramirez [20] showed
that tasting saccharin elevated blood fat concentrations, particu-
larly when the sweet taste had previously been paired with an
intragastric fat load. A methodological concern was that in our
Experiment 1 rats received saline injections during conditioning
procedures. This additional handling might potentially influence
the rats’ subsequent responses. We therefore repeated the blood fat
analysis test used in Experiment 1 in 12 naive rats, except this cohort
did not receive any conditioning procedures. The rats received a
gastric infusion of 5 ml of 20% intralipid followed immediately by
0.3 ml intraoral water or sweet solution. Blood samples for analysis
of triglycerides and fatty acids were collected at —15, 30, 120 and
240 min.

Experiment 3. Several studies show that sweet taste receptors
are present in the intestines and are functional [28,29]. To
evaluate their potential contribution to the fat disposition observed
in Experiment 1 and 2,, in Experiment 3, the taste solution was infused
intragastrically in 11 rats. Intralipid was delivered in the same
manner as in Experiments 1 and 2 (i.e., 5 ml of 20% intralipid at
I ml/min) and then either 0.3 ml water or sweet solution was
infused through the intragastric catheter over 20 sec. Blood was
collected from the tail at —15, 30, 120 and 240 min. All rats
received two tests: one with the sweet solution and one with water.

Experiment 4. In this experiment, we determined the effect
of an unconditioned avoided taste on fat disposition. Bitter quinine
hydrochloride solution was used as a taste solution. The procedure
was the same as for Experiment I and 2: Immediately after the
intragastric infusion of 5 ml of 20% intralipid, the rats (z=10)
were infused with 0.3 ml water or the bitter solution through the
intraoral cannula. Blood was collected from the tail and used for
the assays.

Experiment 5. In this experiment, the organ distribution of
fat was traced by the recovery of radioactivity from intragastrically
infused "*C-triolein. We assessed tissue radioactivity in the
gastrointestinal tract and in several organs at 4 h after fat infusion,
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the time at which the largest effect of sweet taste was observed in
earlier experiments (Figure 2). One hour before the experiment (at
09:30-10:00), each rat was moved to a plastic cage
(28 cmx45 cmx20.5 cm) with woodchip bedding. It was infused
with 1.0 pCi of "*C-triolein in 5 ml intralipid into the stomach at a
rate of 1 ml/min. Immediately after that, it was given 0.3 ml of
water (n=38), sweet taste solution (n=28) or bitter taste solution
(n="7) through the intraoral cannula over 20 sec. At 4 h after the
infusion, it was deeply anesthetized with isoflurane (AErrane;
Baxter, Deerfield, IL) and blood was collected by cardiac
puncture. The blood was transferred into a 1.5-ml Eppendorf
tube and allowed to clot at room temperature for 30 min. Serum
was prepared by centrifugation at 3000 g for 15 min at 4°C. The
serum was used for the measurement of radioactivity and the assay
of blood components.

After the cardiac puncture, each rat was dissected and pertinent
organs (stomach, small intestine, colon, heart, liver and kidney)
and tissues (femoris muscle and epididymal fat) were excised. The
stomach, small intestine and colon were opened and their contents
were collected by washing their inner walls three times with 3 ml
of phosphate-buffered saline (Mediatech Inc., Herndon, VA). The
collected gut contents were weighed and homogenized. Other
organs and tissues were weighed and homogenized in 10 ml of
phosphate-buffered saline. One milliliter aliquots of each homog-
enate were added to 10 ml scintillation fluid (Scintiverse; Fisher
Scientific), and radioactivity was measured using a Packard
Instruments beta scintillation counter to determine tissue uptake.
Values were expressed as a percentage of the total radioactivity
infused.

Statistical Analysis

Differences between rats given different oral treatments were
assessed using analyses of variance with factors of Taste (water,
sweet and/or bitter) and Time (if measurements were made at
more than one time). Differences between the treatments at
particular times were assessed using paired t-tests or Fisher’s LSD
post hoc tests (when comparisons of more than 3 groups were
required). Results are expressed as means * S.E.M.
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Figure 2. Influence of preferred sweet taste on plasma
triglyceride concentration in untreated rats. The gastric infusion
of 20% intralipid was started at 0 min (arrow). Immediately after the
infusion, the rats (n=12) were given 0.3 ml of water or sweet solution
through the intraoral cannula. Values are means = S.E.M. #P<0.1 by
paired t-test.

doi:10.1371/journal.pone.0090717.9g002
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Results

Experiment 1: Hedonically Aversive Taste Decreases

Blood Fat Concentrations

In Experiment 1, we examined whether sweet taste influenced the
disposition of intragastrically infused fat. The hedonic value of the
taste was manipulated by eliciting a conditioned taste aversion to
sweetness in one group of rats. In the unconditioned group (n =9),
sweet taste had no significant effects on blood triglycerides or
NEFA levels relative to the water control condition (Figure 1A,
1B). In the conditioned group (2= 10), on the other hand, sweet
taste significantly decreased blood triglycerides [main effect of
Taste, F ,9=8.39, P=0.018, TastexTime interaction; F
397 =4.00, P=0.018; Figure 1D]. In addition, NEFA levels were
also decreased by the sweet taste in a similar pattern [main effect
of Taste; F | 9=2.37, P=0.158, TastexTime interaction; F
3,07 =4.00, P=0.018; Figure 1E]. For both fat fuels, the difference
was evident at 120 min postinfusion, but not at earlier or later
times.

Experiment 2: Replication that a Preferred Sweet Taste
does not Significantly Influence Blood Fat Concentrations

Replicating the results of Experiment 1, animals in this
experiment also did not display a significant influence of sweet
taste on triglyceride concentrations [main effect of Taste; [
111 =250, P=0.142, TastexTime interaction; F 533=1.95,
P=0.140; Figure 2]. There was a tendency for sweet taste to
elevate triglycerides at 240 min postinfusion, but this was
nonsignificant even by paired t-test (P=0.058).

Experiment 3: Gastrointestinal Sweet Taste Infusions do
not Influence Blood Fat Concentrations

Infusion of the sweeteners into the stomach had no effect on
blood triglycerides [main effect of Taste; F' ;o=0.07, P=0.801,
Taste xTime interaction; F 539 =0.24, P=0.870; Figure 3].

Experiment 4: Bitter Taste Decreases Blood Fat Levels

In Experiment 4, we determined whether an innately aversive
bitter quinine hydrochloride taste solution [9,10] influenced fat
disposition. Relative to water taste, bitter taste decreased blood
triglyceride levels significantly [main effect of Taste; Iy 9=7.25,
P=0.025, TastexTime interaction; F 397=3.81, P=0.021;
Figure. 4A] and tended to decrease NEFA levels [main effect of
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Figure 3. Influence of gastric infusion of sweet taste on plasma
triglyceride concentration. The gastric infusion of 20% intralipid was
started at 0 min (arrow). Inmediately after the infusion, the rats (n=11)
were given 0.3 ml of water or sweet solution through the intragastric
catheter. There was no significant difference in triglyceride levels
between sweet and water infusion. Values are means = S.E.M.
doi:10.1371/journal.pone.0090717.g003
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Figure 4. Influence of aversive bitter taste on on blood fat
levels. The gastric infusion was started at 0 min (arrow). Immediately
after the infusion, the rats (n=10) were given 0.3 ml of water or bitter
solution through the intraoral cannula. Values are means * S.EM. #P<
0.1, *P<<0.05, **P<<0.01 by paired t-test.
doi:10.1371/journal.pone.0090717.9g004

Taste; F 1 ,0=2.21, P=0.171, TastexTime interaction; F
3,30 = 2.39, P=0.091; Figure 4B] in a similar pattern to the
conditioned aversive sweet taste (Experiment I).

Experiment 5: Taste Influences Fat Disposition by
Altering Gastric Emptying

In Experiment 5, we compared the tissue distribution of '*C-
triolein, and a panel of blood fuels and hormones at 4 h after rats
received oral exposure to water, sweet solution, or bitter solution.
There were large and significant differences in stomach contents
[£ 990 =4.11, P=0.032; Figure 5]. Rats exposed to the bitter taste
solution had significantly more—about twice as much-radioactivity
in the stomach than did rats exposed to the sweet taste solution.
There were small, albeit significant differences among the three
groups in radioactivity in the colon (Figure 5). The distribution of
radioactive fat in the other tissues did not differ (Table 1).

In this experiment, there were significant effects of the sweet
taste on triglyceride concentrations [F 999=3.51, P=0.049].
Sweet taste significantly increased blood triglycerides compared
with water (= 0.017, post-hoc test) but not bitter taste (P=0.101).
Blood hormone concentrations were unaffected by taste, with the
exception that bitter taste decreased blood GLP-1 levels relative to
water (P=0.025) and sweet taste (P=0.036; F 599=3.57,
P=0.047; Table 2).
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Figure 5. Gut content radioactivity recovered at 4 h after
intragastric infusion of '?C-triolein. Rats were given intraoral
infusions of water (n=8), sweet (n=8) or bitter taste stimuli (n=7)
immediately after intragastric infusion of "*C-triolein in intralipid. Values
are means * S.EM. #P<0.1, *P<<0.05, **P<<0.01 by post-hoc t-test.
doi:10.1371/journal.pone.0090717.g005
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Table 1. Influence of taste on recovery of radioactivity in
several body tissues at 4 h after intragastric infusion of C-
triolein in intralipid.

Taste and Fat Disposition

Table 2. Influence of taste on the concentration of blood
components at 4 h after rats received an intragastric intralipid
infusion.

Taste stimuli

Taste stimuli

Discussion

We demonstrate here that the hedonic value of a taste can affect
the disposition of an intragastric fat load. When accompanied by
the taste of water, intragastric fat infusions transiently elevated
blood triglycerides and NEFAs, with a peak occurring at about
120 min postinfusion (Figure 1-4). Identical fat infusions accom-
panied by hedonically negative tastes—either an innately avoided
bitter taste (Figure 4) or a sweet taste that had been associated with
malaise (Figure 1)-increased blood triglycerides and NEFAs
significantly less. A hedonically positive sweet taste had more
ephemeral effects: Relative to the taste of water, sweet taste
increased blood fat levels significantly in one experiment (Table 2),
had a tendency for an effect in this direction in another (Figure 2),
and produced no difference in a third (Figure 1).

The decrease in blood fat concentrations produced by exposure
to unpleasant taste is most likely secondary to altered absorption
processes, especially gastric emptying. Rats that tasted quinine
after a fat load had markedly more radioactive fat label remaining
in the stomach 4 h later than did rats that tasted water or a sweet
solution (Figure 5). The action of unpleasant taste to retard gastric
emptying is consistent with other studies. For example, Yamamoto
et. al. showed that quinine-containing bitter mash stays longer in
the stomach of rats than does unadulterated mash [13], and Wicks
et. al. demonstrated that bitter taste delays gastric emptying in
humans [32]. This also makes teleological sense: Unpleasant taste
normally signifies a food that is toxic. Slowing gastric emptying
reduces the rate of absorption of the toxin and thus minimizes its
blood concentrations.

There are several potential explanations for why sweet taste
produced only ephemeral effects on the disposition of a gastric fat
load. These include (i) methodological factors, in particular, the
times we sampled blood or/and the deprivation condition we
posed on rats may be important. Oral stimuli mobilize the
endogenous fat stored in enterocytes and release it into the
circulation rapidly [21,33]; it is unlikely that we captured this
considering the relatively late time points at which we observed
effects (i.e., 2 or 4 h after taste exposure). (ii) Physiological factors
may influence the appearance of fat in the blood. For example, the
increased rate of fat absorption caused by sweet taste might be
accompanied by increased tissue uptake of fat (perhaps mediated
by insulin), leading to stable blood fat concentrations despite
increased turnover. (iii) Hedonic factors may be involved. Sweet
and bitter tastes are at opposite ends of a palatability continuum;
the “control” water taste may fall closer to the sweet end than

PLOS ONE | www.plosone.org

Component Water Sweet Bitter Component Water Sweet Bitter
Blood (Serum) 0.08+0.01 0.11%0.01 0.08+0.02 TG, mg/dl 76+14 146+24 2 98+19
Heart 0.17+0.02 0.15+0.02 0.15+0.03 NEFA, mEq/I 0.51+0.06 0.68+0.06 0.55+0.09
Liver 0.21+0.03 0.20+0.02 0.16+0.03 Ketone, mM 0.29+0.04 0.37+0.05 0.33+0.07
Kidney 0.09+0.01 0.07+0.01 0.08+0.01 Glucose, mg/dl 1006 108+6 102+12
Muscle tissue 0.06*0.01 0.06=0.01 0.05*0.01 Insulin, ng/ml 2.03*+0.56 1.78+0.33 2.12*£0.42
Fat tissue 0.08+0.02 0.10+0.02 0.08+0.02 GIP, ng/ml 227+28 210%31 184+22
. ) GLP-1, pM 248=*3.5 24.0*3.9 12.8+292P

Values are means * S.E.M (n=7-8) percentage per 1 g tissue weight of the
total amount of radioactivity administered. Leptin, ng/ml 6.07+1.95 8.60+2.03 7.95+2.69
doi:10.1371/journal.pone.0090717.t001 PYY, ng/ml 0.75+0.11 0.66--0.09 0.92+0.12

CCK, ng/ml 1.12+0.09 1.03+0.12 1.29+0.14

Values are means * S.E.M. (n=7-8).

?significantly different from Water group (P<<0.05, by post-hoc test),
bsignificantly different from Sweet group (P<0.05). Abbreviations: TG
triglyceride, NEFA non-esterified fatty acid, GIP glucose-dependent
insulinotropic peptide, GLP-1 Glucagon-like peptide-1, PYY Peptide YY, CCK
Cholecystokinin.

doi:10.1371/journal.pone.0090717.t002

bitter end of the continuum, making the sweet-water contrast
smaller than the bitter-water contrast. Indeed, water is sometimes
considered to be sweet [34]. (iv) It may be that sweet taste has little
effects on fat disposition but instead prepares the body to
metabolize carbohydrates [35]. As shown by Ramirez [20], the
association of sweet taste with an intragastric fat load may be
necessary for eliciting the maximum effects on fat disposition. It
will require additional research to assess these possibilities. But
whatever the mechanism, it is clear that the preferred sweet taste
never decreased blood fat levels, which contrasts with the effects of
nonpreferred tastes.

Taste receptors are present in the gastrointestinal tract where
they can initiate hormonal and neural responses to chemical
stimuli [27-31]. In fact, Janssen et. al. [30] and Glendinning et. al.
[31] have demonstrated that intragastric infusion of a bitter taste
can delay gastric emptying. In our study, direct intragastric
infusion of sweet taste solution did not show any effects on fat
disposition (Figure 3) although the same infusion given orally was
effective (Figure 1). We suspect that the 0.3-ml volume of taste
solution we used in this study was too small to activate the gut taste
system, while being easily sufficient to evoke oral sensation [7].

Further studies are needed to elucidate the physiological
mechanisms involved in the modification of fat disposition by
taste. Like many other cephalic phase responses [18,19] it
probably involves activation of the vagus, which innervates the
gastrointestinal tract and exerts a major influence on gastric
emptying. It is also possible that unpleasant taste could produce a
stress-like response, inhibiting gastric emptying or otherwise
reducing gastrointestinal absorption by activating the sympathetic
nervous system. An intriguing issue is how taste exposure—lasting
only a few seconds—can have effects on blood fat fuels 2 or even
4 h later. One possibility is that taste stimulation activates neural
circuitry, probably in the brain (although possibly in the enteric
nervous system), that maintains strong but not complete inhibition
of gastric emptying or intestinal absorption until the stomach is
nearly empty. Alternatively, secondary effects initiated by nervous
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responses might be involved, such as the modulation of fat
trafficking.

There is a growing literature that taste influences fat disposition
[20-26]. Our results suggest that unpleasant tastes reduce the
gastric emptying of fat, leading to lowered concentrations of
triglycerides and NEFAs in the blood. The effects of a pleasant
sweet taste were less clear, but this does not detract from the main
implication of this paper. It may be possible to manipulate the
taste of food to mitigate postprandial hypertriglycemia which, in
turn, could alter the risk of cardiovascular disease (see introduc-
tion).
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